The majority of strains of Toxoplasma gondii belong to three distinct clonal lines known as types I, II, and III. The outcome of the immune response to infection is influenced by the parasite strain type. The goal of this study was to examine differences in the kinetics of gene 
Introduction
Toxoplasma gondii is an obligate intracellular protozoan parasite capable of establishing a life-long chronic infection in the host. The outcome of infection is greatly influenced by the parasite strain type: type I strains are highly virulent in mice (LD100 = 1) while types II and III are less virulent (LD100 > 1000) and as such are able to establish chronic infections in vivo (Sibley et Previous studies have shown that the divergent virulence phenotypes observed in T. gondii infection may be explained by strain-dependent differences in TLR signaling (Kim et al., 2006 ; Lee et al., 2007) and extent of NF-κB activation (Robben et al., 2004; Rosowski et al., 2011) . In this respect, induction of IL-12 and chemokines in macrophages by the type I RH strain was shown to be independent of the TLR adaptor molecule Myd88 as compared to types II and III (Kim et al., 2006; Lee et al., 2007) . A recent study by Rosowski et al. showed that type II strains induce higher levels of NF-κB translocation and NF-κB-dependent gene expression compared to types I and III, a property dependent on the parasite dense granule protein GRA15 but independent of Myd88 (Rosowski et al., 2011) .
Following the acute phase of T. gondii infection, the parasite forms cysts in response to immune pressure preferentially in the brain and establishes a chronic infection (Carruthers and Suzuki, 2007) . Parasite genotype, host genetic background, and ability to modulate signaling components that regulate the immune response influence the effects of infection in the brain (Carruthers and Suzuki, 2007) . Microglia are resident macrophages of the brain and spinal cord, consequently functioning as the initial responders of immune defense in the central nervous system. There are limited reports on the interactions of T. gondii with microglial cells in vitro (Chao et al., 1993a (Chao et al., ,b, 1993 , particularly in cells derived from knockout mice which are not always widely available.
To gain a better understanding of the interplay between parasite genotype and host signaling components in the response of microglia to infection, the present study examined 
Methods

Cell lines
Murine microglial cells were derived from brain tissue of wild type (WT) or MAL/MyD88 double knockout (MAL -/-Myd88 -/-) C57BL/6J mice. Cells were immortalized by infection with the ecotropic transforming replication-deficient retrovirus J2 using established procedures (Blasi et al., 1985 (Blasi et al., , 1990 
RT-PCR
Microglial cells were seeded in six-well plates at 2 X 10 6 cells per well and allowed to adhere overnight. Selected wells contained cells grown on sterile 12 mm coverslips for immunofluorescence assays as described in section 2. 
Analysis of host gene expression
To determine differences in host gene expression after infection, densitometric analyses of DNA bands obtained in the RT-PCR experiments were performed using the ImageJ software (http://rsbweb.nih.gov/ij/). Integrated densitometric values (IDV) were normalized to β-actin and the numerical data were subjected to analysis of variance followed by the Tukey's multiplecomparison test using the GraphPad Prism software. A P value of <0.05 was used to determine statistical significance. Data were collected from three independent experiments.
Analysis of parasite infection
The progression of T. gondii infection in microglial cells was examined by monitoring the expression of the parasite SAG1 gene by RT-PCR. SAG1 primers are indicated in Table S1 and conditions for RT-PCR were followed as indicated in section 2. In contrast, increases in IP-10 expression were higher and more sustained in response to types II and type III compared to type I between 8 and 24 h of infection ( Fig. 1A ; P < 0.05 when comparing type I versus type II responses).
Contrary to IP-10, the kinetics of RANTES expression showed only slight increases during the first 8 h of infection regardless of the strain examined (Fig. 1B) . Robust expression of RANTES was not apparent until 12 h p.i. with type II and 24 h with type I and type III strains (Fig. 1B) . A fluctuating pattern of RANTES expression was also observed in type I-infected WT cells, although not as marked as with IP-10.
Changes in IL-12b expression in response to T. gondii were negligible above baseline between 2 and 8 h of infection with the exception of the type I strain which induced an increase at 2 h p.i. (Fig. 1C) . At 12 h, however, a sharp increase in IL-12b expression was observed in type II-infected WT cells only (P < 0.01 as compared to type I or type III). In contrast, induction of IL-12b was delayed to 24 h with type I and III strains (Fig. 1C) . In general, as observed with IP-10 ( Fig. 1A) , type II and type III strains elicited higher IL-12b responses compared to the type I strain (P < 0.05).
As opposed to the pro-inflammatory cytokines, differences between the stimulatory activities of the three Toxoplasma strains were less pronounced with the anti-apoptotic factor Bfl-1 (Fig. 1D ). Small increases with type II and III strains were apparent at 8 h of infection with both strains eliciting similar sustained responses up to 24 h. Contrary to this, the induction of Bfl-1 in response to infection with the type I strain was delayed to 24 h (Fig. 1D) .
Experiments with microglial cells lacking the TLR adaptor molecules MAL and Myd88
showed profound effects in gene expression induced by T. gondii infection; however, the extent of the host response was dependent on the parasite strain type and selective to particular genes (Fig. 2) . Type strains I and III were highly dependent on MAL and Myd88 compared to strain II to stimulate the expression of IP-10 ( Fig. 2A) , RANTES (Fig. 2B) , and IL-12b (Fig. 2C) . The type II strain on the other hand maintained the ability to induce expression of these genes in MAL -/-Myd88 -/-cells albeit not at the same extent as in WT cells for IP-10 and IL-12b. As opposed to the pro-inflammatory cytokines, the expression of the anti-apoptotic factor Bfl-1 was unaffected by the absence of MAL/Myd88 in response to infection with type strains I, II, or III (Fig. 2D ).
Of note, both WT and MAL/Myd88 knockout microglial cells were equally capable of supporting infection of all three strains of T. gondii as determined by the kinetics of expression the parasite protein SAG1 (Fig. S1 ) and immunofluorescence assays performed at 24 h p.i.
(Data not shown). Thus, the observed divergent gene expression profiles in the host cells could not be explained by striking differences between the growth patterns of the three strains. percentages of PV harboring ≤ 2 tachyzoites for both cell lines were 60% for type I, 75% for type II, and 40% for the type III strain. The average percentages of PV harboring ≥ 4 tachyzoites per PV for both cell lines were 40% for type I, 25% for type II, and 60% for the type III strain.
Results from this study demonstrate that the outcome of gene expression in T. gondiiinfected microglial cells is determined by the parasite strain type in a time-dependent manner and is geared towards particular subsets of genes. Strain-dependent differences in gene expression of WT microglia were more prominent among pro-inflammatory genes as compared to the anti-apoptotic factor Bfl-1. In addition, the regulation of certain pro-inflammatory genes (IP-10 and RANTES) displayed fluctuating patterns of expression over time; especially in response to a type I strain (Fig. 1A-B Fig. S1 
